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Fig.1.

(1) Cl:small, quasi-spherical z = 12.96 km
T = -65.4 “C

(3) A: columns+ bullets+roseltes z = 11.32 km
O: quasi-spherical, irregular T = -54.5 “C
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(4) A: columns+ bullela+plalea z = 9.77 km

O: quasi-spherical, irregular T = -42.7 “C

(5) O: sublimated, irregular z = 9.64 km
T = -42.5 “C
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(a). Five representative ice crystal size distrfbutims derived from the replicator sounding on 5 December 1991 during FIR E-11-IFO. (b). Averaged ice
crysatal size distributions and smoothed curves for 5 December and 26 November data sets. The percentages of shapes for each distribution are also

shown: QS denotes quasi-spherical particles, including frozen droplets and distorted plates and columns; AG, C, P, and BR denote aggregate, column,
plate and bullet rosette, respectively.



Schematic diagram of replicator
sounding system
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(b) MEAN EFFECTIVE SIZE (De, pm)
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Ftg. 5. (a). Temperature and humidity profiles obtained fmm the NCAR-CLASS sounding system on 5 December 1991. Overlapped with the

temperature profile are the mean retrieved cloud temperature and mean Ch. 4 brightness temperature over a 0.05° x 0.2° domain

around tiffeyville. (b). Display of the replicator-derived mean effective sizes at the selected height levels, their verlical average, and

the retrieved value. Also shown on the bottom scale are the optical depths derived from the replicator data and from the retrieval.



Radiation hlodel

● Radiative Transfer

Delta-four-sUeam (Lieu, et al., 1988)

.Application to nonhomogeneous atmosphere (Lieu, 1975)

● Nongray Gaseous Absorption in Scattering Atmosphere
Correlated k-distribution approach (Fu and Lieu, 1992)

Spectral Intervals: 6 solar and 12 IR bands (Fu and Lieu, 1993)

● Single-Scattering Properties of Hydrometer

Hexagonal ice crystal (Takano and Lieu, 1989)

Water droplet (Fu, 1991)

Rain, Snow, and Graupel

● Vectorized Version on Supercomputer



FIRE-11-IFO (December 5, 1991)
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FIHE-11-IFO (November 26, 1991)
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FIRE-11-IFO (November 26, 1991)
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Future Research

..

● Light Scattering by Small Xce Crystals (10 < a < 30)

c Validation: Remote Sounding of the Cirrus Optical
Depth and Ice Crystal Size in Cirrus/Low Cloud
Conditions

● Development of h’ew Techniques for the Determination
of Ice Crystal Sizes Using 1.6 pm and Visible
Wavelengths

——--- .—


